Summary.-Infection of long-term BDF1 marrow cultures with Friend leukaemia virus complex (FLV) induced transformed cells with myelomonocytic characteristics, which were isolated only 14 days after the viral infection. Criteria for transformation were growth in suspension cultures and high plating efficiency in agar. The lymphatic leukaemia virus (LLV) replicates in these suspension cultures, but the spleen focusforming virus (SFFV) component of the FLV complex has not been detected.
THE INFECTION of susceptible mice with Friend leukaemia virus complex (FLV)
results in the rapid induction of erythroleukaemia (Friend, 1957) . Although a committed erythroid precursor cell has been suggested as the target cell involved in this process (Tambourin & Wendling, 1975) recent work in which long-term mouse marrow cultures were infected in vitro with FLV has indicated that multipotential haemopoeitic cells are affected following virus infection, and that their proliferative and differentiation capacity may be altered after a long latent period . In these experiments the cultured cells maintained normal maturation for several weeks after infection, and did not produce leukaemia of donor origin when injected into mice, although erythroleukaemia of host origin developed, presumably due to production of FLV by the cultured cells .
However, patterns different from that described above may follow infection of long-term marrow cultures with FLV. Preliminary work (Testa et al., 1979) showed that transformed cells of myelomonocytic appearance may be isolated as early as 14 days after in vitro infection of marrow cultures with FLV. The present work involves a characterisation of these transformed cells and an investigation of their leukaemogenic capacity.
MATERIALS AND METHODS
Marrow cultures.-The technique for establishing long-term cultures has been described previously (Dexter & Lajtha, 1974; Dexter & Testa, 1976 Dexter et al. (1977) .
Isolation and characterisation of a transformed cell line.-Cells collected 14 days after the infection with FLV were plated in alpha medium plus 30°O foetal calf serum, 10-7M transferrin and 10-7M sodium selenite (Guilbert & Iscove, 1976) in 0.800 methyl cellulose as described previously (Testa & Dexter, 1977) . After 10 days of incubation at 37°C
in an atmosphere of 5% CO2 in air, large compact colonies were observed (Testa et al., 1979) . They were pooled and subcultured in the same growth medium, but without methylcellulose in culture flasks. These cells, designated 427E, grew in suspension and were subcultured weekly after saturation growth was reached (i.e. every 6-7 days). The growth medium harvested before subculturing (CM= conditioned medium) was stored at -20TC until assayed for its activity (colony stimulating activity= CSA) in inducing the formation of granulocyte-macrophage colonies by normal marrow cells.
For subsequent in vitro colony assay of 427E cells, these were plated in Petri dishes in Fischer's medium plus 25% horse serum in 0-3 00 agar, as described previously (Dexter & Testa, 1976 [12] [13] [14] [15] [16] h in the absence of the adherent cell layer which is necessary for the maintenance of prolonged haemopoiesis in vitro (Dexter & Lajtha, 1974 The cells from the suspension cultures produce CSA which stimulates the formation of granulocyte-macrophage colonies by normal marrow cells in a dose-dependent fashion giving a sigmoid doseresponse curve. Colony formation starts at 100 concentration and reaches plateau levels of the order of 100 colonies per 105 normal cells when the CM is added at 30%
concentration. Both the number of colonies and the morphology of the colony cells were comparable to those obtained using mouse heart CM as the source of CSA.
When plated in soft agar, the 427E cells form colonies with a plating efficiency of 10-15%, and occasionally as high as 30%0.
There is a linear relationship between number of colonies and number of cells plated. The numbers of colonies are not influenced by the addition of exogenous CSA, even at very low cell inocula (Fig. 1) (Robertson, 1916) Replication of LLV occurs in the 427E cells at comparable levels to those observed in the original marrow culture (Table II) . SFFV, however, has not been detected in either culture, by titrating spleen foci or by measurement of erythroleukaemia development. Consequently it is not surprising that neither the cells nor the cell-free supernatant had the ability to produce erythroleukaemia when injected into mice.
Induction of leukaemia.-The results in Table III indicate that the injection of 427E cells into syngeneic neonatal or adult mice induces an acute leukaemia which reaches an advanced state at the times indicated. Infiltration of haemopoietic tissue and liver by malignant cells was always found. In addition, where the cells were administered either s.c. or i.p., the tumour mass at the site of injection often reached 7-12 mm in diameter in neonatal mice, or up to 32 mm in adults. Chromosome analysis was performed in cells from one tumour (from mouse no. 4 in Table IV) which showed that 90%0 of the cells were tetraploid or hypotetraploid with the same 2 metacentric marker chromosomes as in the cultured cells (Fig. 2) . Similar analysis of one marrow sample (mouse no. 1 in Table IV) showed that 25% of the cells had a similar chromosome constitution, whereas the rest had a normal karyotype.
Histological examinations of sections of tumour tissue showed that, in contrast to the little degree of differentiation shown in suspension cultures or in agar colonies, a large proportion of the cells were metamyelocytes and segmented granulocytes. However, undifferentiated cells were seen in marrow, spleen and liver (data not shown). Cells from the marrow, spleen or tumour from some leukaemic mice were assayed for their capacity to form colonies in soft agar. All samples assayed showed colony formation in the absence of exogenous CSA, in some cases with a plating efficiency as high as 5%0 (Table IV) . Tissues from 2 mice showed low numbers of colonies which could be increased by the addition of CSA. However, some of the colonies in cultures with exogenous CSA had a normal appearance. These were probably derived from normal granulocyte-macrophage progenitor cells still in the haemopoietic organs.
DISCUSSION
It is known that normal granulopoiesis can be stimulated by in vivo or in vitro infection with FLV (G(olde et al., 1976; Dexter et al., 1977) . In vitro infection of freshly isolated foetal liver or adult marrow with FLV may produce cell lines which show erythroid characteristics after treatment with dimethyl sulphoxide (Golde et al., 1979; Revoltella et al., 1979) and which may induce local tumours resembling reticulum-cell sarcomas upon inoculation into mice. We have now shown that FLV may also induce leukaemic granulopoiesis.
The early loss of the SFFV component may be critical in determining the pattern of differentiation after FLV treatment.
When both components replicate in vitro, injection of cells or cell-free supernatant from infected marrow cultures causes erythroleukaemia of host origin . Replication of only the LLV component may lead to the production of multipotential cell lines that differentiate normally into granulocytes and megakaryocytes, and which are not leukaemogenic or, as in the present studies, to the production of cells with the potential of producing myelomonocytic leukaemia.
In contrast to the usual latent period of several weeks before changes in the differentiation or proliferation capacity of cells in infected cultures can be detected ) the 427E cells were isolated 14 days after FLV treatment. Whether the early detection of leukaemic transformation was because the cells were allowed to proliferate in the absence of the adherent cell layer which is necessary for the maintenance of normal haemopoiesis in vitro, is not known at present.
The predominantly near-tetraploid constitution of the 427E cell line is atypical. Previous studies on FLV-transformed haemopoietic cells have demonstrated a diploid or near-diploid constitution (Ostertag et al., 1972; Elliot et al., 1972; Dexter et al., 1977; Revoltella et al., 1979) ; therefore some of the unusual properties of this cell line may be attributed to its increased ploidy. It is unlikely that the presence of the metacentric chromosomes is related to the malignancy of this cell line, since, although there are several reports of FLV-transformed cells carrying metacentric chromosomes (Ostertag et al., 1972; Golde et al., 1979; Revoltella et al., 1979 ) such chromosomes were not seen by Elliot et al. (1972) or by Dexter et al. (1977) in FLV-induced leukaemias. However, the presence of the 2 metacentric markers in tetraploid and hypertetraploid cells of tumour tissue and marrow of mice inoculated with 427E cells provides good evidence of the donor origin of the leukaemias.
Only a small number of myeloid leukaemias have been described in mice. The available information has recently been reviewed by Metcalf (1977) . Most of these leukaemias have been unable to proliferate in agar when first isolated. When able to do so, the addition of CSA increased the plating efficiency and induced morphological differentiation (Ichikawa, 1969; Metcalf et al., 1969) . The behaviour of the 427E cells differs from that described: they show high plating efficiency, independence of exogenous CSA for colony formation, even at very low cell inocula, and the cells do not appear to differentiate further after its addition. However, the decrease in plating efficiency of cells from colonies grown with exogenous CSA suggest that they may conserve some response to it. These cells may be able to mature further when inoculated into mice. Thehigh proportion of cells with the chromosome markers in the tumour tissue examined, together with the low proportion of differentiated granulocytes in the infiltrated haemopoietic tissue, and the observation that the frequency of colony-forming cells may be higher in the marrow than in localized tumours, support the concept that the tumour site may provide an environment more favourable to differentiation than the marrow. However, the possibility that the granulocytes found in the tumour tissue were reactive host cells can not be definitely ruled out at present. The influence of microenvironmental factors in modulating cell maturation in leukaemic cells (Metcalf & Moore, 1970) is shown by the different proportions of relatively mature granulocytes in various tissues of these leukaemic mice. Unlike WEH1-3 cells grown in subcutaneous or intraperitoneal tumours (Metcalf & Moore, 1970) 427E cells conserve high clonogenic capacity in those circumstances. It is interesting to note that, as is the case in chronic myeloid leukaemias in humans, the high clonogenic capacity is observed in spite of the production of large numbers of more differentiated cells.
Further study of the conditions which influence changes in clonogenic and leukaemogenic capcity, and investigation of the role of GSA and host factors in the modulation of cell maturation, should increase our understanding of the behaviour of leukaemic cells.
